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A case of monozygotic twins, one of whom suffered from biliary atresia and the other one was apparently
healthy, is described herein. Children with biliary atresia appear to be vulnerable to developmental lags
in the physical and cognitive performance, due to malnutrition and deteriorated liver function. In our
case where the child with biliary atresia, who underwent a successful kasai operation, has achieved
comparable growth development and cognitive performance in comparision with her sister, which
suggest that the early diagnosis and timly kasai operation could allow children with biliary artesia to
grow well in the short-term following time.
 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Case report
Biliary atresia (BA) is an idiopathic neonatal cholestatic disease
characterized by the progressive inﬂammation and ﬁbrosis of the
biliary tree, involving the occlusion of the extra- and intrahepatic
bile ducts. The incidence of BA in twins is fairly lower compared
with the total prevelance of BA. Discordant presentations of biliary
atresia in monozygotic twins were shown in our report.
The mother was 27 years old (gravida 1, para 2). Her past
medical history included only hepatitis B. She didn’t take any
medicine during the pregnancy other than oral multivitamins.
There was no history of surgery operation, trauma, blood trans-
fusion, diabetes or hypertention during gestation.Written informed
consent was obtained from both parents.
Following spontaneous labor on 22th, October 2014, at 37þ3
weeks by dates, she underwent a cesarean section and delivered a
couple of monozygotic twin sisters at the Central Maternity
Hospital of Tianjin.
Twin 1: The ﬁrst girl weighed 2350 g after birth, and the Apgar
score was 10/10. She became icteric after birth and did not achieve
free-jaundice so that was referred to the Children’s Hospital ofInc. This is an open access article uTianjin at 46 days of life, during this period, she presented persis-
tent jaundice, pale stools and dark urine.
Examinations after being admitted to hospital showed
moderate jaundice with a total bilirubin of 8.61 mg/dL (normal,
0.3e1.1 mg/dL) and a direct bilirubin of 6.93 mg/dL (normal,
0.1e0.4 mg/dL). Transaminases were moderate elevated: aspartate
aminotransferase (AST) 137U/L (normal, 8e40 U/L), alanine
aminotransferase (ALT) 43U/L (normal, 0e40 U/L), and g-Glutamy
transpeptidase (g-GT) 967U/L (normal, 7e50 U/L). An abdominal
ultrasound showed an enlarged liver without a visible gallbladder
or bile duct but a cystic structure. A percutaneous liver biopsy was
not done for its difﬁculty to control.
Serology examination for toxoplasmosis, rubella, cytomegalo-
virus, herpes (TORCH) presented negative except EBNA-IgG
positive, blood examination showed CMV-DNA<103 copies/mL,
TOX-DNA<103 copies/mL, CMVpp65(þ), the mother’s milk test
discovered that CMV-DNA 8  103 copies/mL, which suggested the
baby maybe infected by EB virus. The monozygotic twin’s chro-
mosome G band karyotype analysis presented normal. No other
abnormality was found.
Exploratory laparotomy at 49 days of life showed hepatomegaly,
a small gallbladder and the thin, tortuous biliary structure during
intraoperative cholangiogram. The intraoperative liver biopsy
showed bile ducts proliferation, cholestasis, widened portal tracts,
portal ﬁbrosis and bile plugs, which were consistent with extra-
hepatic biliary artesia. So the kasai portoenterostomy was operatednder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Color Doppler ultrasound.
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Fig. 2. Growth curves for the weight and height.
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Table 1
Physical development and cognitive performance.
Raising head Sitting Turning over Climbing Standing Walking Anterior fontanelle closed Teeth eruption
Twin 1 (m) 4 7 7 8 9 11 8 4
Twin 2 (m) 3 7 7 8 9 11 7 4
Visual sensation Listening sensation Taste sensation Olfactory sensation Babbling Understanding herself name Pincer grasp
Twin 1 (m) 2 4 4 3 3.5 5 13
Twin 2 (m) 2 3 1 3 3 5 14
Table 2
Cases of twins with BA.
Country Investigator(s) Year Monozygotic/dizygotic Illness Operations Outcomes
China (our report) Chen 2016 Monozygotic A e BA,
Be normal
A- HPE þ LT
B- non
A grew well until now;
B grew normal
European Sara C. Fallon (et al.) 2013 Monozygotic male A e BA,
B- normal
A- HPE þ LT
B- non
A grew well until 5 years;
B grew normal
Japan Toru Ikregami 2000 Monozygotic female A e BA,
B- normal
A- HPE þ LT
B- non
A grew well
B grew normal
North American B.M. Smith (et al.) 1991 Dizygotic female Both with BA A e EL;
B-HPE
A died at 40 weeks;
B died at 50 weeks
BA: biliary atresia; HPE: hepatoportoenterostomy; LT: liver transplantation; EL: exploratory laparotomy.
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to expose the porta hepatic and ductules and a jejunal Roux loop
being anastomosed to the cut surface, aiming to restore bile ﬂow
and synthetic liver function and prolong the native liver survival,
which were done to hope that the children with BA can have good
quality of life and catch up with the normal children in physical and
intellectual development. This patient had achieved a good post-
operative course with jaundice disappearing, stools and urine
becoming normal color and the laboratory index tending to be
within the normal reference ranges. Furthermore, she never got
fever during the whole hospitalization and was discharged from
home at 63 days of age. One year later, while she suffered a episode
of cholangitis and had admitted to hospital for one week without
companying other severe complications. Liver biochemical in-
dicators ﬂuctuated in the normal ranges during the follow-up
period. After 1.4 years later, she received some correlative exami-
nations: the Color Doppler ultrasound showed that liver average
shear wave velocity was 1.24 m/s (normal, <1.58 m/s) (shown in
Fig. 1), blood examination showed that hyaluronic acid (HA) wasFig. 3. Chromosome G band karyo102.71 ng/mL (normal, 33.9e183.1 ng/mL), laminin (LN) 124.51 ng/
mL (normal, 0e133 ng/mL), procollagen III(PC III) 60.84 ng/mL
(normal, 0e120 ng/mL), IV collagen (IVC) 62.49 ng/mL (normal,
0e84.7 ng/mL), and hepatic ﬁbrosis grading in S0-1, which sug-
gested that liver function was within good condition.
Twin 2: The second girl was born apparently healthy with birth
weight 2650 g and Apgar score 10/10. She never appeared jaundice
nor presented any malformation after birth and has grown up
normally.
The weight and height varying was illustrated in Fig. 2, which
suggested that, the physical development lags in this girl with
biliary atresia in comparison with the normal co-twin. The cogni-
tive development of the BA girl with her sister were comparable,
including large motor movements such as sitting and walking
(7 month vs 7 month, 11 month vs 11 month), distal control such as
pincer grasp, which allows baby to use his thumb and foreﬁnger to
pick up small objects (13 month vs 14 month) , visual reception
(2 month vs 2 month) and comprehension of the words of herself
name (5 month vs 5 month), which were shown in Table 1.type analysis results of twins.
Fig. 4. Pictures of twins after birth. (a) 1st week after birth. (b) 8th month after birth.
(c) 11th month after birth.
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In this report, we describe one monozygotic twin that one girl
had biliary atresia and the other girl is apparently healthy. Biliary
atresia is a severe neonatal obstructive cholangiopathy of unknown
etiology, occurring in approximately one in every 20,000 live births
[1]. If left untreated, the patient will develop portal hypertention,
cirrhosis and eventually die within two years of age. According to
the level of most proximal biliary obstruction, BA is classiﬁed into
three types and type Ⅲ is the most common subgroup that of
incidence is more than 90% [2]. BA represents the main pediatricindication for liver transplantation. Kasai operation is the only
effective curative method for children with BA, which aims to
restore bile ﬂow from the liver to the intestine. The procedure is
named after a Japanese surgeon, Morio Kasai, who ﬁrst performed
this procedure in 1959 [3]. A successful kasai portoenterostomy can
improve the deteriorative liver function and intrahepatic chole-
stasis condition, to some extent, it can increase the native liver
survival rate of children with BA and consequently postpones
subsequent liver transplantation.
BA is reported in all racial group in the world, and the highest
incidence is in Polynesians which indicates a possible genetic
predisposition [4]. The occurrence of BA in twins is rare, some of
cases are shown in Table 2.
Babies with BA are often with normal birth weight and length,
but appear to be vulnerable to developmental lags. They usually
suffer from neurocognitive weakness due to nutritional deﬁciency
and deteriorative synthetic and degradated function of liver. One
research suggested that both boys and girls exhibited cognitive
weakness in comparison with the normative group, however, most
of them remained broadly within the average range in some
cognitive aspects [5]. While, in our report, changes in the height
andweight between this twin sisters are comparable within the girl
with BA appearing to delay compared with her healthy sister in
growing development, but the difference was not statistically
signiﬁcant (p > 0.05), the cognitive differences are also parallel
maybe due to the favorable nutritional status and good post-
operative course.
Some efforts has been done to study the genetic basis of BA and
two main regions closely associated with BA occurrence had been
identiﬁed, that is 2q37.3 enclosing GPC 1 gene and 10q24.2
enclosing ADD3 gene [6,7]. Furthermore, the miR-200b 1429
cluster and miRNA 21 were upregulated in liver samples from BA
patients compared to other forms of neonatal cholestasis [8,9].
However, in our case, the monozygotic twin who shared one
zygote and the same intrauterine environmental, whose chromo-
some G band karyotype analysis results showed normal, 46 XX,
including 22 pairs of autosomes and 1 pair of sex chromosomes
which suggests that a pure genetic basis for the disease seems
unlikely (Fig 3).
One research demonstrates that virus DNA/RNA was found in
less than half of BA liver samples and particularly in the older
children, which indicates that these hepatotropic viruses such as
CMV, EBV, HSV, do not play a major role in the pathogenesis of
BA [10]. In our case, the baby with BA presented
CMV-DNA<103 copies/mL and TOX-DNA<103 copies/mL, which
support that hypothesis.
Nutritional status is closely related to physical development
and cognitive performance. Some researchers suggest that the
children with BA are unlikely to have primary central nervous
system defect [11]. In our report, the monozygotic twins share the
same intrauterine environment and feeding ways, the following
up data suggest that BA children after a successful kasai operation
could catch up with the normal children in the physical and
cognitive performance at least during the short follow-up period.
Both of them grow well until now, their pictures are shown in
Fig. 4aec.
The early diagnosis and surgery procedure should be laid
emphasis on, considering the good growth outcomes, aming to help
the children with BA obtain much more chance to grow up well.
Furthermore, the BA child after a successful kasai procedure can
obtain good postoperative course, including well physical devel-
opment and cognitive performance, which suggests that BA itself
does not have a signiﬁcant inﬂuence on the children’s growth and
development.
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